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Human Life Support Requirements: 
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Food assumed to be dry except for chemically-bound water. 


International Space Station Life Support Systems 


Source: Jim Reuter, NASA MSFC 
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Miscellaneous Equip: 
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Plants for “Bioregenerative’ Life Support 
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Bioregenerative Life Support Testing 
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some Crops for Life Support 
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4 Tibbitts and Alford (1982); Hoff, Howe, and Mitchell (1982); © Salisbury and Clark (1996); 
° Gitelson and Okladnikov (1994)—diet also included supplemental animal protein and sugar. 


Crop Selection and Breeding for Space 
(Utah State University) 
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Overexpression of FT flowering gene in plums (USDA researchers) resulted in 
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Water and Nutrients for Growing Crops 
Recirculating Hydroponics 
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Conserve Water & Nutrients 
Eliminate Water Stress 
Optimize Mineral Nutrition 
Facilitate Harvesting 
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Wheeler et al., 1999. Acta Hort. 
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Wheeler et al., 1990. Amer. Potato J. 67:177-187; Mackowiak et al. 1998. HortScience 33:650-651 
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Wheeler. 2006. Potato Research 49:67-90. 
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High Yields from NASA Sponsored Studies 


Wheat - 3-4 x World Record 
Potato - 2 x World Record 
Lettuce-Exceeded Commercial 
Yield Models 
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Bubgee, B.G. and FB. Salisbury. 1988. Plant Physiol. 88:869-878. 
Wheeler, R.M., T.W. Tibbitts, A.H. Fitzpatrick. 1991. Crop Science 31:1209-1213. 
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CO, Exchange Rate (umol m* s"') 


CO. Exchange Rates of Soybean Stands 


Canopy Lodged | 


Photosynthesis 
815 umol m? s1 
Rs HPS Lamps 


Oo Oo Harvest 
mise Oh, 


477 umol nm? s1 


MH Lamps 
(Mee 
Hoy 
ohn ~ oO ght pete spefppetest AI 
Oooo @ $a LeooHo Goue Qi oouUoO 
ooo RD og, 2a 
: oO 
High Temp —* Night Respiration 
Event 
10 20 10) 40 e10) eh0) 70 si) 90 
Time (days) 


Wheeler et al., 2004. EcoEngineering. 
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Similar results for 
wheat and soybean 


Optimal Concentration 


CO, Compensation Point 
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Wheeler. 2006. Potato Research 49:67-90. 
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Ethylene in Closed Systems 
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(Wheeler et al., 2004 HortScience) 


NASA's Biomass Production Chamber (BPC) 
Early Vertical Agriculture ! 
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NASA’s Biomass Production Chamber (BPC) 
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Lamp Type Conversion* Lamp Life* Spectrum 
Efficiency (aes) 

¢ Incandescent/Tungsten** 59-10% 2000 Nal(claaater 
¢ Xenon 59-10% 2000 Broad 
¢ Fluorescent*** 20% on 010} 05 7-40 01610) Broad 
¢ Metal Halide 25% 20,000 Broad 
¢ High Pressure Sodium 30-35% ren 0010 Naltclaantep 
¢ Low Pressure Sodium 35% ren 0010 NE Taco 
¢ Microwave / RF Sulfur 35-40%+ ? Broad 
¢ LEDs (white) 30-40% 50,000 ? Broad 
¢ LEDs (red and blue)**** >40% 50,000 ? NETaKey i 


* 


Approximate values. 

** Tungsten halogen lamps have broader spectrum. 

*** For VHO lamps; lower power lamps with electronic ballasts last up to ~20,000 hrs. 
**** State-of-Art Blue and Red LEDs most efficient. 
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North American Patent for Using LEDs to 
Grow Plants Developed with NASA Funding 
at University of Wisconsin ! 


Solar Collector / Fiber Optics For Plant Lighting 


Up to 400 W light delivered to chamber 
Clo oleh/me)mlarer(e(=lalmiie lala) 
Takashi Nakamura, Physical Sciences Inc. 
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2 m? of collectors on solar 
tracking drive (NASA Kennedy 
Space Center, Florida) 


Nakamura et al. 2010. Habitation 
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Photosynthetically Active Radiation (mol m* d:') 


Wheeler et al. 1996. Adv. Space Res . 


Solar Collectors 
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Sadler and Giacomelli, 2002. Life Support Biosphere Sci. 
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Sadler and Giacomelli, 2002. Life Support Biosphere Sci. 


University of Arizona Lunar / Mars Greenhouse 
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Photosynthetic Radiation at Mars Surface over 2 Martian Years (J. clawson, Dissertation 2006) 
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Figure 11 The daily integrated total, direct, and diffuse PPF versus latitude and Martian Sol for two Mars years, The labeled sols 
correspond to the start of each season on Mars, For example, sol 150 corresponds to the Northern Autumnal equinox, 
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some other Benefits of Plants in Space 


> Fresh Foods to 
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Plants and Human Well-Being 
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Sequential Development for Space Agriculture 
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Some Lessons Learned from NASA 
CEA Research 


20-25 m¢ of crops could provide all the O, for one person, and 40-50 
m? all of the food (dietary energy) 

Better adapted crops are needed—short growth, high harvest index, 
improved nutrition—Use genetic engineering? 

Lighting is key to sustaining high yields 

CEA systems require large quantities of water (e.g., 5 L m*d"') and 
this water must be recycled. 

Up to 90 kg of fertilizer would needed per person per year, 
emphasizing the need for recycling nutrients. 
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further study. 

The use of plants for life support will likely evolve sequential, starting 
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Michelle McKeon-Bennett, 2004, Space Life Science Laboratory, KSC, Florida 
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